investigated in relation to their dependence on active vitamin D and parathyroid hormone.
113, 952. 17 Walker, A W, Clinica Chimica Acta, 1974, 55, (3), 399 . 18 Wolfe, M, Dinwoodie, E A, and Post-absorption levels of 25-OHD were low in four of the patients with steatorrhoea but normal in five of those with post-gastrectomy osteomalacia. There was a significant inverse correlation between peak postabsorption 25-OHD levels and faecal fat excretion.
All patients with active post-gastrectomy osteomalacia had subnormal baseline plasma 25-OHD levels, which indicates that the condition is due to a deficiency of vitamin D. Only two of the patients with osteomalacia had estimated dietary vitamin D intakes over 1 75 Ftg/day. These findings suggest that an oral 25-OHD absorption test may be a valuable measure of small intestinal function and that poor dietary vitamin D intake rather
Introduction
The availability of a sensitive assay for 25-hydroxy vitamin D (25-OHD) has allowed workers to assess gastrointestinal absorption of this sterol without having to administer radioactive substances to human subjects.' Under physiological conditions 25-OHD is the major circulating vitamin D metabolite in man2 and other animals. Some animal tissues eaten by man-for example, mammalian liver and muscle-contain more 25-OHD than cholecalciferol (vitamin D ).3 25-OHD is closely related to vitamin D in structure, polarity, and physiochemical behaviour, and it is therefore likely to be absorbed from the gastrointestinal tract in the same way as vitamin D-namely, by inclusion in fat micelles formed with the help of bile salts.
We have explored the usefulness of a 25-OHD absorption test in patients presenting with steatorrhoea and in another group presenting with post-gastrectomy osteomalacia. Our first objective was to discover whether there was any relation between the degree of fat malabsorption and the post-absorption rise in plasma 25-OHD levels after an oral load of 25-OHD. Our second aim was to attempt to assess the relative contributions of malabsorption and inadequate vitamin D nutrition (dietary and cutaneous) in causing post-gastrectomy osteomalacia by studying 25-OHD absorption in patients with this condition. osteomalacia at the time of the study. The sixth had been treated for osteomalacia three years earlier and was studied during an admission for autonomous hyperparathyroidism, presumably due to previous longstanding osteomalacia. As there had been no change in her gastroenterological status since her osteomalacia was treated we thought that her inclusion in this study was justified. One of the patients with osteomalacia also had osteogenesis imperfecta and another had mild renal impairment (urea 141 mmol/l (85 mg/100 ml)). All the patients with active post-gastrectomy osteomalacia had bone tenderness, muscle weakness, increased plasma alkaline phosphatase concentrations, and plasma 25-OHD concentrations below the lower limit of normal found in winter. In addition three of the five had firm histological or radiological evidence of osteomalacia, or both.
Patients and methods
The vitamin D intake from the normal home diets of these patients was assessed. These data are obviously subject to considerable error, as they depend on the patient's recall, but as so few foods contain appreciable quantities of vitamin D such estimates may at least give some evidence of dietary deficiency.
Plasma calcium, phosphorus, and alkaline phosphatase concentrations were measured by standard laboratory techniques. Plasma calcium values were corrected for plasma specific gravity by the formula of Dent. osteomalacia had curves largely within the normal range (fig 2) . These five patients showed a particularly steep rise in plasma 25-OHD concentrations during the first two hours of the test. No two-hour figure was available in case 1. Fig 3 shows the relation between faecal fat output and the peak rise in 25-OHD concentration in 10 subjects. There was a significant inverse relation between the two variables (r =-0 73; 0 02 > P > 0-01). 
Discussion
25-OHD is a physiologically important lipid substance that circulates with a biological half time of 13-19 days. 7 Stamp has shown that plasma levels of the substance increase rapidly after ingestion of an oral load, reaching a peak after four to eight hours and then falling slowly so that the mean 24-hour level is 84% of the mean peak level.' Our own study has shown that the rate of increase in plasma 25-OHD after an oral load is even faster after gastrectomy, presumably because of more rapid delivery of 25-OHD to the proximal small bowel, known to be the site of maximum vitamin D absorption. Both in this group and in other patients with steatorrhoea, however, we have shown that the peak rise in 25-OHD levels after the load is significantly inversely related to faecal fat output. This permits the 25-OHD3 absorption test to be considered as a tool for investigating patients with fat malabsorption.
Post-gastrectomy osteomalacia is a well-recognised complication of certain gastrectomy operations."-" The subject has been reviewed by Eddy,'2 who quoted estimates of the incidence of the complication ranging from 1 to 420'. Previous gastrectomy is one of the major causes of osteomalacia presenting in Great Britain."
Some authors have suggested that post-gastrectomy osteomalacia might be due to factors other than simple vitamin D deficiency, in particular to altered intestinal handling of calcium owing to anatomical factors and the presence of steatorrhoea.9 This concept, viewing post-gastrectomy osteomalacia as an "end-organ" failure of intestinal response to vitamin D, has been largely refuted by subsequent work. Morgan et all4 used indirect methods based on the response to treatment to show that this condition was due to vitamin D deficiency. Thompson et al"5 reached a similar conclusion using a biological assay of the antirachitic activity of sera from patients with post-gastrectomy osteomalacia. Our study has confirmed that the osteomalacia is indeed due to vitamin D deficiency by showing that the five patients with active osteomalacia had 25-OHD levels below the lower limits found in a normal population.
Although Thompson et al '6 showed that patients with postgastrectomy osteomalacia absorbed radioactive cholecalciferol almost normally there is still considerable doubt about the relative contributions of malabsorption and poor nutrition in causing the condition.12 17 Most dietary studies of these patients, with the exception of that of Chalmers, 1 have considered that dietary vitamin D deficiency is an unlikely major cause of postgastrectomy osteomalacia. Our findings suggest that poor nutrition is the major cause of this osteomalacia. Even though some of the patients had steatorrhoea, 25-OHD, absorption was not seriously impaired. It is, however, possible that the discomfort induced by eating fatty foods leads to a self-chosen vitamin-D-deficient diet. Only two of the patients had estimated vitamin D intakes above 1-75 ,tg/day. This is the figure below which nutritional vitamin D deficiency may develop.18 Patients who have had gastrectomies may receive less exposure to sunshine than other members of the community, but we could not make any precise estimates of the degree to which this factor might contribute to the development of osteomalacia.
We also considered the possibility that a direct destructive 
